concave turbulent boundary layers is studied theoretically by a numerical solution. The importance of the normal velocity componenton the stability of turbulent boundary layers is noted.
In the present paper, the neutral stability condition for the appearance of Taylor -Gortler vortices in concave turbulent boundary layers is studied theoretically by a numerical solution. The importance of the normal velocity componenton the stability of turbulent boundary layers is noted.
Theory
To formulate the present stability problem in curvilinear coordinates (x,y, z) (as shown in Fig. 1 ), the following assumptions are made: (1) The concept of eddy viscosity is used to handle the Reynolds stress in the basic equations of incompressible turbulent flows. ( 2) The radius R of the concave surface is uniform in x direction and is muchlarger than the thickness 8 of the boundary layer. (3) The velocity components in the perturbed motion are expressed as follows8):
where ux, vu w1 <^U, V. (4) The perturbed motion is assumed to be steady in space and independent of the coherent structures of the large eddies in the outer layer and the bursts near the surface. Therefore, the wavelength X of the perturbed motion is considered to be much larger than the spatial periodity of such structures (which is smaller than or equal to 8). (5) The principle of exchange of stability is used. This has follows:
aw=-vn (6) where G=ReJ~S/R, M=l+fi,/n, Re=UJ/v, U= U/Um, V=Re-V/Um, u=uJUm, v=Re-vJUm, w=
Re-wxIUm, rj=y/S, a=2nS/X, and subscript rj implies differentiation with respect to rj. Boundary conditions forEqs. (4)to (6) This result, shownas curve (3), agrees closely with curve (2). Therefore, the neutral stability condition is little affected by the assumption for the way of growth of the perturbation. It is noted from this figure that the neutral stability curve ®has a minimumvalue of G at <j~0A and the Gortler parameter G becomes large in a range of the wavenumbera<2 compared with the other curves (2) and (3). These results are apparently due to the contribution of the Vterms (which means the terms including Kand Vn in Eqs. (4) and (5)). On the contrary, for laminar boundary layers, the parameter G becomes small in a small wavenumber range when the V terms are included in the analysis. This difference between the turbulent and laminar stability results is mainly due to the fact that the magnitude of the eddy viscosity in the outer layer is larger than that in the inner layer of the turbulent boundary layers. Figure 3 shows the neutral stability relations of
Gortler parameter G and the Reynolds numberRe at thewavenumbera= 1. Curves ®, (f) and ( Literature Cited 1) Aihara, Y.: Bull. Aero. Res. Inst., Univ. of Tokyo, 3, 195 (1962) .
